It is known precisely which n by n nonnegative matrices may be diagonally scaled by positive diagonal matrices D, E so that (1) B=DAE is doubly stochastic. If there is such a pair D, E, we shall say that A has property ("). In this event it is our interest to obtain inequalities on D and E. In the process, certain related inequalities for doubly stochastic matrices are noticed.
It was first realized by Sinkhorn [4) 1 that if A is entry·wise positive and square, then A has property (*), The proof amounts to showing that the process of alternately scaling A to produce a row stochastic matrix, and then a column stochastic matrix, and then continuing the process, actually converges to a doubly stochastic matrix. The hypothesis of positivity, however, can be weakened somewhat. To analyze the case of equality, it is clear that equality holds in (3) if either x is a vector of equal components or the right.hand side of (3) Thus, the second statement of the theorem is proven. It should also be noted that the case of equality in (3) may similarly be analyzed if B is equivalent to a direct sum of completely irreducibles. It is enough to assume B is equal to a direct sum of completely irreducibles. Then, in addition to equality occurring in (3) when the right-hand side is 0, equality occurs precisely when the components of x are equal within each piece corresponding to a direct summand of B. An alternate form of (3) is
is an n by n doubly stochastic matrix, then for any n real numbers t],· .. ,tn, satisfying ti ~ -1, i = 1,· .. ,n, we have
Our primary observation concerns row stochastic matrices with property (*).
THEOREM 2: If A is a row stochastic matrix with property (*) and D and E are the positive diagonal matrices guaranteed by (1) then
Furthermore, equality holds il and only if A is actually doubly stochastic.
PROOF: As B = (b ij ) runs through all n by n doubly stochastic matrices and F = diag {fl'-.. ,In} To analyze the case of equality in (7), it suffices to assume B is completely irreducible. In this event, it follows from theorem 1 and the fact that Bf has no 0 components that equality in (7) implies that all entries of f are the same. Thus D = F and equality holds in (7) precisely when A is already doubly stochastic.
Note: A related but rather different inequality when A is symmetric appears in [3, theorem 3] . Also a portion of the proof of that result could be used to prove part of the first statement in our theorem 1.
It follows from theorem 2 that COROLLARY 2: I I A is a row stochastic matrix with property (*) and B is related to A by (1), then Idet AI S Idet B/.
II lail ~ II lf3d.
i=l i==l
We conjecture that in case A is row stochastic with property (*) and B is related to A by (1), then actually
The result of theorem 2 may be extended to all matrices with property (*) in the following way. 
E(B) == inf p(FB)
(where the inf is taken over all positive diagonal matrices of determinant 1), of a nonnegative matrix mentioned in [5] .
